Abstract. The Common Grackle (Quiscalus quiscula) includes two phenotypically differentiated forms, the Purple Grackle (Q. q. quiscula), which breeds along the Atlantic and Gulf coasts of the United States, and the Bronzed Grackle (Q. q. versicolor), which occurs over the rest of eastern North America. These grackles meet and hybridize in a zone that stretches from northeastern to the extreme south central United States. We used 20 restriction endonucleases to survey the level and pattern of mitochondrial DNA (mtDNA) variation within and among 35 individuals taken from eight sites. To establish the phylogenetic position of Q. quiscula, we also studied the Greater Antillean Grackle (Q. niger), the supposed sister taxon of Q. quiscula, the Boat-tailed Grackle (Q. major), and the Great-tailed Grackle (Q. mexicanus). A relatively high number (29) of clones was detected in Q. quiscula, of which 23 occurred in single individuals. Using results of simulations by Avise et al. (1988) we found times to common ancestry of the 31 clones that are much lower than predicted by neutral theory; however, it is likely that long-term effective population sizes of grackles are much lower than current population size, which potentially explains the discrepancy. Sixty-six percent of the birds were genetically most similar to an individual in another population sample, suggesting that gene flow is high. Inspection of the distribution of individual fragment profiles, composite haplotypes (clones) and a maximum parsimony phylogenetic tree of clones reveals no evidence of geographic variation. Thus, the mtDNA gene tree is paraphyletic with respect to the "plumage" tree of Q. quiscula. The mtDNA data do not reflect the historical event that lead to the origin of either Purple or Bronzed grackles. The low diversity among clones (P = 0.28%) suggests a recent common ancestry of clones and recent colonization of North America, which we suggest explains the lack of geographic variation; plumage evolution must therefore have occurred rapidly, likely enhanced by sexual selection. The separation of quiscula and niger occurred l-2 MY ago, but it is not clear that these species are sister taxa, whereas it is likely that major and mexicanus are.
INTRODUCTION
The advent and widespread application of molecular methods of detecting genetic variation have greatly facilitated empirical estimates of the degree of population subdivision and its relation (if any) to geographic barriers, and the nature and extent of gene flow (Avise et al. 1987 ). New methods of data analysis further encourage the molecular approach to genetic analysis of population structure and geographic variation (e.g., Slatkin and Maddison 1989) . Geographic variation, in effect a measure of population structure, was previously studied by comparisons of external morphology. Studies of geographic variation in birds, especially, figured prominently in the I Received 6 November 1990. Final acceptance 24 January 1991. development of ideas concerning the evolution of populations (Mayr 1963 ). However, the degree to which morphological patterns of avian geographic variation are genetically based is rarely tested. It is appropriate therefore, that modem molecular approaches be used to describe genetic variation within and among avian populations to provide a new perspective on geographic variation.
Although ornithologists lagged behind workers in other fields in applying techniques of protein (allozyme) electrophoresis to problems in geographic variation, there is a moderate data base now available for birds from the New World temperate zone (Evans 1987 , Zink 1988 (1989) found considerable differentiation between populations of the Seaside Sparrow (Ammodramus maritimus). In samples taken from nine geographic sites in western North America, Zink (in press) found geographically segregating mtDNA differences in Fox Sparrows (Passerella iliaca), whereas in samples of Song Sparrows (Melospiza melodia) taken at the same sites there was some mtDNA differentiation, but it occurred in a geographically mosaic pattern. These studies reveal that temperate-breeding avian species might be more genetically substructured than predicted by the bulk ofallozyme studies (Zink, in press), which necessitates additional mtDNA surveys.
Another aspect of population structure that can be addressed with mtDNA concerns neutral, or mutation-genetic drift, theory. Specifically, Avise et al. (1988) concluded that under the assumption of selective neutrality (i.e., mutation and genetic drift), a rate of evolution of 2% per million years (MY), and a long-term effective population size equal to current population size, several vertebrate species with seemingly high gene flow exhibit far shorter times to common ancestry (i.e., less inter-clone diversity) than expected. They concluded that long-term effective population sizes were much lower than current population sizes, a conclusion independently reached by Barrowclough and Shields (1984) for birds. Avise et al.' s methods and analysis deserve extension to other species to assess the generality of their conclusions. This is especially true because the distributions of alleles detected by protein electrophoresis within and among avian populations are consistent with neutral theory (Barrowclough et al. 1985) .
We studied mtDNA variation in samples of the Common Grackle (Quiscalus quiscula). This abundant species consists of two forms, formerly considered separate species, the Bronzed Grackle (Q. q. versicolor), and Purple Grackle (Q. q. quiscula). The forms differ ecologically, in plumage color, and morphologically (Yang and Selander 1968) Moore and Dolbeer (1989) , do mtDNAs of Bronzed and Purple grackles differ, does the distribution of times to common ancestry of clones conform to neutral predictions, and is Q. niger closer to the purple than to the Bronzed Grackle? If Selander' s hypothesis is correct, clonal diversity and differences among clones should be greatest in the Purple Grackle because it has been in place longer, and these measures should decrease in the Bronzed Grackle to the northwest, the presumed path of colonization following glacial retreats. To test Selander' s hypothesis further, we determined the phylogenetic relationships of Q. quiscula, Q. niger, and two other congeners, the Boat-tailed Grackle (Q. major), and the Great-tailed Grackle (Q. mexicanus). Generations (xl 000) and niger was most similar (p = 3.07%) to mexicanus. The phylogenetic network (Fig. 4) Although our sample sizes are small, the nature of variation uncovered by our analysis makes it unlikely that additional samples would change our results qualitatively. The distributions of mtDNA haplotypes (Table 1) and fragments (Appendix 1) reveal no evidence of geographic structure. Because most individuals exhibited the same pattern (all "A") for most restriction enzymes, we examined the geographic distribution of intra-sample mean differences from clone 1 (that was found in six birds; Table 1 ). There is a trend for difference from the A clone to decrease from Saskatchewan to North Carolina and northern but not southern (Baton Rouge) Louisiana (Fig. 1) . Therefore, one might predict that populations in Saskatchewan and southern Louisiana are relatively old. The increased variation in the Baton Rouge sample might reflect its position in the center of the hybrid zone (Fig. 1) . Saskatchewan grackles might differ relatively more from the composite A pattern because they immigrated historically from several directions. However, such conclusions are justified only if clones in a sample are descended from an ancestral clone in that population, an assumption we cannot make. Phylogenetic analysis of mtDNA data failed to produce a tree (e.g., Fig. 2 ) that grouped samples consistent with their geographic locations. To test this relationship further, and because we could not find the shortest tree, we input a tree into HENNIG86 that grouped all individuals by sampling locality. This tree required 267 steps to explain the mtDNA fragment data, relative to the lOO+ trees that were 193 steps in length. We interpret this as strong evidence that there is not a geographically organized pattern to mtDNA variation; instead, it exhibits a mosaic pattern. There is no evidence of historical isolation of sufficient duration for a geographically ordered pattern of mtDNA variation to emerge.
METHODS
Lack The observation that there are broad regions of phenotypic uniformity corresponding to bronzed and purple phenotypes conflicts with the interpretation of high gene flow. Specimens of grackles from the hybrid zone, such as those breeding in Baton Rouge, exhibit obviously intermediate plumages, and therefore, high levels of gene flow would be detectable in specimens far from the hybrid zone. Because plumage variation is geographically organized, we suggest that the mtDNA gene genealogy is paraphyletic with respect to the "plumage" tree; specimens of Purple Grackles (the six NCAR specimens; Table 1 ) are interspersed among the bronzed individuals (Fig. 2) . Several explanations exist. One might postulate strong natural selection for plumages, which would counteract high gene flow. This seems unlikely in that the selective load would be enormous. Sex-biased dispersal can yield discordant nuclear (e.g., plumage) and single-gene organellar genealogies (Neigel and Avise 1986 We favor the explanation that the seemingly high current gene flow is an artifact of recent and extensive range expansion, and that stochastic lineage sorting explains the mtDNA-plumage discordance. The degree ofdifferentiation among individuals is low, indicating that continental clones share a recent common ancestry. Extensive range expansion is consistent with the geographically chaotic distribution of haplotype ancestry (Fig. 2) . Thus, the lack of geographically ordered mtDNA variation is a result of recent range expansion, and not necessarily a reflection of current gene flow. Evolution of the bronzed phenotype, a polygenic trait almost certainly influenced by sexual selection, must have occurred more rapidly than the time required for mtDNA clones within a sample to trace their ancestry to a common clone at that site. Because grackles do not breed in continuous forest, and much of eastem North America was forested until a few hundred years ago, it seems likely geographic isolation was a factor in the evolution of bronzed (or purple, see below) grackles. Alternatively, sexual selection could drive plumage evolution rapidly without geographic isolation. The minimal conditions of our model of evolution in Q. quiscula include 1) recent isolation of a group of grackles in which the bronzed phenotype evolved rapidly, and 2) extensive and rapid range expansion throughout eastern North America, including the formation of the hybrid zone; note that the two steps need not be in this order. Although gene flow is likely high at least within the two major forms of grackle (Moore and Dolbeer 1989) we doubt that there is a continent-wide gene exchange between the two taxa-rather, this is an illusion owing to nonequilibrium, or retained ancestral polymorphism.
EVOLUTION OF GRACKLE SPECIES
The proper context in which to evaluate Selander' s hypothesis is a phylogenetic one. However, because we cannot root our tree (Fig. 4) without an additional taxon, interpretation of the direction of plumage evolution is not possible-if the root is indicated between mexicanuslmajor and the other taxa, then quiscula and niger would be sister taxa and Selander' s hypothesis would be consistent with phylogeny. If mtDNA evolution is clocklike, which is controversial, then Selander' s hypothesis is falsified by the observation Neigel and Avise (1986) noted that, with respect to nuclear genome evolution, mtDNA lineages exhibit a transition from polyphyly to paraphyly to monophyly, with the last stage occurring approximately 4N generations after cessation of gene flow, where N is the population size. In our study, times to common ancestry of the oldest clones within quiscula do not predate the age of the lineage. That is, quiscula differs by an average p-value of 3.17% from its nearest relative in our survey (Table 2 ) which corresponds to 500,000 generations, whereas the most different clones currently existing within the species (Fig. 3) trace their common ancestry to a clone that existed ca. 165,000 generations ago. Therefore, with respect to the species-level comparison, mtDNA has reached a stage of monophyly (Neigel and Avise 1986) whereas this is not apparently true in comparison of mtDNA and plumage evolution in the bronzed and purple forms of Q. quiscula (Fig. 2) .
Selander' s hypothesis is not consistent with either the average difference between clones (Fig.  1) or the phylogenetic array (Fig. 2) because neither supports an invasion of southeastern North America followed by range expansion, colonization, and differentiation, as Barrowclough and Johnson (1988) suggested for the Swamp Sparrow (Melospiza georgiana). In fact, the reverse seems true for the intrasample differences between grackle clones (Fig. 1) . It is possible, given the clonal variation in the Saskatchewan sample, that a refugium existed in the north allowing the evolution of the bronzed phenotype.
